Adult burying beetles use the carcasses of small vertebrates for food and breeding their young. Some species are known to have optimum carcass sizes related to their body sizes, but their carcass use is difficult to observe in situ. We explored their size-related niche differentiation in carcass resource using stable isotope analysis. The largest Nicrophorus species in Japan (N. concolor) showed the highest d 15 N, and the smallest Nicrophorus species in Japan (N. montivagus) showed the lowest d 13 C and d
INTRODUCTION
Vertebrate carcasses are scarce but nutrient-rich food resources and are used by many necrophagous species (Kentner and Streit, 1990; Eggert and Müller, 1997; Scott, 1998; Jenson and Miller, 2001; Tabor et al., 2004) . Burying beetles (Coleoptera: Silphidae: Nicrophorinae) are one of the groups feeding on the carcasses of small vertebrates, and they also use carcasses for breeding their young (Scott, 1989; Scott and Gladstein, 1993) . Food niche differentiation among necrophagous species such as temporal succession with carcass decay has been well recognized (Kentner and Streit, 1990; Jenson and Miller, 2001; Tabor et al., 2004) . Some species of burying beetles are known to have optimum carcass sizes related to their body sizes (Scott, 1998; Xu and Suzuki, 2001 ): small species have difficulty handling large carcasses while large species need large carcasses for breeding their young. It is therefore expected that the food niche of burying beetles is differentiated in relation to body size, but in-situ observation of carcass use is usually difficult.
The carbon-and nitrogen-stable isotope ratios of animals depend on what they eat. It is reported that d
13

C and d
15 N are generally 1‰ and 3‰ higher in consumers than in their food Epstein, 1978, 1981; Minagawa and Wada, 1984; Tooker and Hanks, 2004) . These stable isotope ratios have been used to estimate the food habits of various invertebrates (e.g. Kurata et al., 2001; McNabb et al., 2001; Tayasu et al., 2002; Uchida et al., 2004) . We assumed that stable isotope analysis might suggest the carcasses used by burying beetles. In this study, we explored a broad pattern of size-related niche differentiation in carcass resources among burying beetles using stable isotope analysis. In addition, we examined isotopic differences between Nicrophorus and Ptomascopus species. Since Ptomascopus species do not show explicit parental care and sometimes behave as brood parasites (Trumbo et al., 2001; Nagano and Suzuki, 2003) , the main food resources used by Ptomascopus adults are different from the carcasses used by Nicrophorus species.
MATERIALS AND METHODS
We hypothesized that d
C and d
15 N of adult burying beetles reflect those of the carcasses used for their parental care. Adult burying beetles feed on insects and carcasses until reproductive competence is attained (Trumbo et al., 1995) , and they use the carcasses for food as well as for breeding (Scott, 1989; Scott and Gladstein, 1993) . The carcasses may significantly contribute to the biomass of adult burying beetles, even though adults certainly use food resources other than carcasses (Trumbo et al., 1995; Trumbo and Robinson, 2004) . We collected burying beetles from 40 localities across Japan (Hokkaido to Kyushu) by using pitfall traps with rotten chicken meat as an attractant. Seven Nicrophorus species (Nicrophorus concolor Kraatz, N. japonicus Harold, N. tenuipes Lewis, N. investigator Zetterstedt, N. maculifrons Kraatz, N. quadripunctatus Kraatz, N. montivagus Lewis) and Ptomascopus morio Kraatz were collected. The numbers of sampled localities and individuals for each species are shown in Table 1 . The body length of collected individuals was measured.
Collected individuals were starved for more than 72 h to empty their guts, and were oven dried at 60°C for more than 72 h. The whole body of each sample was ground using a bead cell disrupter. We measured d
15 N using the combined system of an elemental analyzer (NC2500; Thermo Electron, Bremen, Germany) and an isotope ratio mass spectrometer (MAT252; Thermo Electron); otherwise, they were measured by the National Agriculture and Bio-oriented Research Organization.
Isotope ratios were expressed as parts per thousand (‰) relative to the international standard: related to occurrences in other species.
DISCUSSION
The stable isotope ratios of the largest species (N. concolor) and the smallest species (N. montivagus) were significantly different from those of other Nicrophorus species. In addition, the largest species showed the highest d 15 N whereas the smallest species showed both the lowest d
C and d
15 N among all Nicrophorus species. These results suggest size-related niche differentiation in carcass use in Nicrophorus species. On the other hand, N. montivagus showed different stable isotope ratios from N. maculifrons and N. quadripunctatus, whose body sizes are slightly larger. Considering that these species were always collected together, niche differentiation of their carcass use might result from interspecific competition. The d 15 N and body size were positively correlated in Nicrophorus species. It is possible that larger Nicrophorus species use the carcasses of larger vertebrates in higher trophic level, although it is not known whether the nitrogen isotope ratio in the carcass of vertebrates reflects that in live bodies, or whether d 15 N and body size are positively correlated. P. morio showed extremely higher d 15 N than all the other studied Nicrophorus species, including the samples of N. concolor and N. quadripunctatus collected from the same localities. These results suggest that the food resources of P. morio adults are different from the carcasses used by Nicrophorus species. Although P. morio adults oviposit around the carcasses dominated by Nicrophorus species (Trumbo et al., 2001; Nagano and Suzuki, 2003) , these carcasses may not be the main food resource. Several studies report that N. pustulatus, being similar to P. morio in body size, is a formidaCarcass Use Differentiation in Nicrophorinae 563 (Trumbo, 1994; Scott, 1998) as well as a parasitoid of snake eggs (Blouin-Demers and Weatherhead, 2000) .
The d 13 C and d 15 N of N. quadripunctatus varied among local populations. This is probably because different populations use different carcass resources. Another probable explanation is that the isotopic ratios of carcasses of the same vertebrate species may vary among localities. In the expected studies, variations among local populations should be considered in stable isotope analysis for burying beetles.
